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目的 本实验选取 WI-38 细胞（人成纤维细胞）与 GIST-T1（胃间质瘤细胞）
作为研究对象。采用 PI3K 信号通路抑制剂 LY294002 和 MAPK 信号通路特异性
抑制剂 UO126 单独或联合处理细胞，研究胃间质瘤中 FOXO1、p-FOXO1、Bcl2、
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胃间质瘤中 FOXO1、p-FOXO1、Bcl2、Bax 蛋白的表达，以及 PI3K（磷脂酰肌
醇-3-激酶）和 MAPK（丝裂原活化蛋白激酶）信号通路对 FOXO1 的活性调节对
胃间质瘤细胞生物学行为的影响。 方法 采用免疫细胞化学染色对 GIST-T1 细
胞系进行鉴定；Western blot 检测 FOXO1、Bcl2、Bax 蛋白在胃间质瘤细胞系
GIST-T1 中的表达，以及 PI3K 信号通路抑制剂 LY294002 和 MAPK 信号通路特
异性抑制剂 UO126 单独或联合处理细胞后 FOXO1、p-FOXO1、Bcl2、Bax 等相
关蛋白表达的变化；CCK-8 法检测其对细胞增殖的影响；免疫荧光法检测 FOXO1
蛋白在 GIST-T1 细胞中的细胞定位的变化。流式细胞术检测药物作用后细胞凋
亡及细胞周期变化。 结果 细胞 c-kit 免疫细胞化学染色结果阳性。CCK-8 结果
显示，LY294002 和 UO126 单独、联合处理组 GIST-T1 细胞较 DMSO 组增殖明
显受到抑制(P<0.05)，且呈时间依赖性。Western blot 结果显示，与对照组 WI-38
细胞（人成纤维细胞）相比，GIST-T1 细胞中总 FOXO1 蛋白及 Bax 蛋白表达相
对较低，p-FOXO1、Bcl2 蛋白表达相对较高。LY294002 和 UO126 单独、联合
处理后，总 FOXO1 蛋白表达水平未见明显变化(P>0.05)，而 p-FOXO1 及 Bcl2
蛋白表达下降(P<0.05)，Bax 蛋白的表达增加(P<0.05)。免疫荧光显示药物处理后
FOXO1 在 GIST-T1 细胞中的细胞核移位明显增多。LY294002 和 UO126 联合处
理 GIST-T1 细胞较药物单独应用时蛋白表达变化及细胞定位变化均增加(P<0.05)。
流式细胞仪检测发现药物处理组细胞凋亡明显增加，细胞周期 G1 期细胞比例增
加，S 期细胞比例下降，且联合用药组作用效果更加显著。 结论 培养的 GIST-T1
细胞 c-kit 免疫细胞化学染色阳性；PI3K 和 MAPK 抑制剂能够抑制胃肠道间质瘤
细胞系GIST-T1细胞增殖。PI3K和MAPK抑制剂能够通过调节 FOXO1磷酸化，
使 FOXO1 由胞浆向胞核移位；PI3K 和 MAPK 抑制剂能够增强 FOXO1 转录活
性，调节下游 Bcl2 和 Bax 的表达，抑制细胞增殖，促进细胞凋亡；PIK 和 MAPK
抑制剂在抑制 GIST-T1 细胞增殖，促进 GIST-T1 细胞凋亡方面具有交互作用。 




















Gastrointestinal stromal tumors are the most common gastrointestinal mese
nchymal tumors. It is generally believed GISTs originate from primitive leaf ce
lls or immature stem cells which differentiate to cajal cell.It have multiple diff
erentiation characteristics, can differentiate to smooth muscle, neural differentiati
on or non-directional differentiation, is a kind of malignant potential Gastrointe
stinal tumors, but its exact origin is not clear. The incidence rate is 1 to 2 / 
100,000 population, it seems to be increasing. In recent years, studies have sho
wn that, PI3K (phosphatidylinositol 3-kinase) and MAPK (mitogen-activated pro
tein kinase) signaling pathway activity in gastrointestinal stromal tumors was si
gnificantly higher. MAPK pathway and the PI3K pathway are two important si
gnal pathways of cell proliferation, there is a certain degree of interaction betw
een the two signal pathways, and FOXO1 protein is in the common intersectio
n of these two signaling pathways involved in cell proliferation and apoptosis r
egulation. FOXO is a subgroup Forkhead family of proteins, which FOXO1 is 
one of the earliest members of the FOXO family to be found. Research has s
hown that FOXO1 is tumor suppressor genes, can affect tumorigenesis and dev
elopment. PI3K / Akt and MAPK / ERK signaling pathway may regulate the 
activity of transcription factor FOXO1. Activation of These two signaling path
ways abnormal make FOXO1 protein molecules to be phosphorylated , and out
put from the nucleus, and combinate with 14-3-3 proteins in the cytoplasm, wh
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way from its target genes, thus inhibiting factor FOXO1 transcriptional regulati
on of target genes, and then adjusting the cell cycle of downstream  apoptosis-
related signaling molecule Bim, Bcl2, Bax, etc., affect cell cycle progression a
nd apoptosis events. 
Objective The experiments selected WI-38 cells (human fibroblasts) and G
IST-T1 (gastric stromal tumor cells) as the research object. Using PI3K signali
ng pathway inhibitor LY294002 and MAPK signaling pathway inhibitor UO126
 cells treat GIST-T1 alone or in combination, research FOXO1, p-FOXO1, Bcl
2, Bax protein expression, and PI3K (phosphatidylinositol 3 - kinase) and MAP
K (mitogen-activated protein kinase) signaling pathway regulates on biological 
behavior of gastric stromal tumor cells of FOXO1 activity. Research the regula
tory mechanism of PI3K and MAPK signaling pathways on FOXO1 transcripti
on factor activity and its inhibit effection on gastric stromal tumor cell biologi
cal behavior. Objective We aimed to study the protein expression of FOXO1, 
p-FOXO1, Bcl2 and Bax in gastric stromal tumors, and investigate involvement
 of the PI3K (phosphatidylinositol 3-kinase) and MAPK (mitogen-activated prot
ein kinase) signaling pathways in regulating the activity of FOXO1 and its effe
ct on the biological behavior of GIST-T1cells. Methods Immunocytochemical s
taining was used to identify the stromal tumor cell line GIST-T1, while wester
n blot was used to detect the expression of FOXO1, Bcl2 and Bax inthe GIST
-T1 cells and the changes following treatment with the PI3K signaling pathway
-specific inhibitor LY294002 and the MAPK signaling pathway-specific inhibito
r UO126 alone or in combination. The CCK-8 assay was used to evaluate effe
cts on cell proliferation, while localization of FOXO1 was detected by immuno
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tometry. Results c-kit immunocytochemical staining was positive. The growth o
f GIST-T1 cells was significantly inhibited in a time-dependent manner followi
ng treatment withLY294002 or UO126 alone or in combination. Western blot s
howed that the expression of p-FOXO1 and Bcl2 were markedly reduced, whil
e the expression of Bax remarkably increased following treatment with LY2940
02 orUO126 singly or in combination (P<0.05). We did not find any significan
t change in the level of total FOXO1(P>0.05), and immunofluorescence showed
 that FOXO1 was redistributed to the nucleus. The changes of protein expressi
on and localization in the combined group were more marked than in the singl
e-treatment groups. Flow cytometry revealed that apoptosis in each drug-treated
 group was significantly increased, the proportion of cells in G1 phase was inc
reased while that in S phase was reduced, and the effect of combined treatmen
t was more significant. Conclusion immunocytochemistry of c-kit of cultured 
GIST-T1 cells were positive ; PI3K and MAPK inhibitors can inhibit gastrointe
stinal stromal tumor cell lines GIST-T1 . PI3K and MAPK inhibitors can regul
ate the phosphorylation of FOXO1 and make FOXO1 shift from the cytoplasm
 to the nucleus; PI3K and MAPK inhibitors can enhance FOXO1 transcriptiona
l activity, regulate downstream expression of a Bcl2 and Bax, inhibit  cell prol
iferation and apoptosis ; PIK and MAPK inhibitors have interaction on inhibit 
cell proliferation and promote cell apoptosis in GIST-T1 cell. 

































GISTs 占消化道肿瘤<1%,其发病率为 1~2/10 万人口[3-5],GISTs 发病率似乎正




Kit 是作为干细胞因子受体的跨膜酪氨酸激酶，质量为 145kD。Kit 与干细胞受体
的绑定导致酪氨酸激酶受体和下游细胞内转导途径激活，尤其是
RAS-RAF-MAPK 和 P13K-AKT-mTOR 途径[10]。结果导致包括粘附、移动、分化、
细胞增殖和细胞凋亡减少等细胞功能的改变。这些潜在的致瘤因素最终将导致肿
瘤的发生。原癌基因 kit 突变倾向于集群在四个外显子,即外显子 9(细胞外域),外
显子 11(细胞内近膜域),外显子 13(分裂激酶域),和外显子 17(激酶激活环) [9,11]。编
码近膜域的外显子 11 是 kit 最常见的突变区域，占肿瘤的 70% [9]。Kit 外显子 11
一个或多个密码子框内缺失是最常见的突变，占肿瘤的 60-70%。大多数的变异
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子Trp557 和 Lys558 缺失是GISTs中最普遍的简单缺失与肿瘤较差的治疗效果
和较强的侵袭性有关[12]。Kit 外显子 11 点突变在 GISTs 中占 20-30%，他们几乎
全部包括近端的三个密码子 Trp557,Val559 ，Val560 和远端的 Leu576[11]。外显
子 9 突变发生在细胞外域，占 GISTs 的 10%，与小肠 GISTs 的恶性临床表现有
关[9,11]。几乎所有的外显子 9 突变都含有一致的编码 Ala502-Tyr503 的 6 核苷酸复
制[13]。原发性外显子 13 和外显子 17 突变极少见，小于 1%。外显子 13 错义突变
导致 Glu 代替 Lys,具有较强的潜在恶性[11]。 
5-7%的 GISTs 含有 PDGFRA（血小板源性生长因子受体），它的突变发生
在外显子 12、14、18，并依次减少[14-16]。与 kit 一样它们激活相似的转导途径致
使肿瘤的形成，但它们作用于不同的受体部位。大部分的 PDGFRA 突变的 GISTs
发生于胃部，侵袭性较强。它们拥有上皮样的形态学表现，CD117 免疫组织化
学反应弱阳性或阴性。Todoroki 等的病例报告指出 PDGFRA 突变发生在胃大网
膜免疫组织化学 CD117 弱阳性，显示出上皮样形态。80%的 PDGFRA 突变发生
在外显子 18，大多数是错义突变导致 Val 代替 Asp，这些肿瘤通常对伊马替尼
治疗产生耐药性，发生在外显子 14 的错义突变也有报道称 Lys 或 Tyr 取代 Asn，
其预后较外显子 18 突变好，外显子 12 突变发生极少[11]。 
5-15%的 GISTs 既不发生 kit 突变也不发生 PDGFRA 突变，被称为野生型





是由人类染色体 11q13 上的 CCND1-EMS1 基因座所编码的 8 次跨膜蛋白。尽管
发现 DOG1 在多种肿瘤中表达，但其明确的生物功能和超表达机制仍不清楚[17]。
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